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Abstract
After the SARS-CoV-2 pandemic, disinfection
practices and microbial load reduction have
become even more important and rigorous.
To determine the contamination of keyboard
surface and the relative risk to transfer
healthcare-associated pathogens to susceptible
patients, as it frequently happens in Intensive
Care Unit (ICU), a standard keyboard (SK), a
cleanable keyless keyboard (KK) with smooth
surface and a standard keyboard coated with a
3 M Tegaderm® film added with active essen-
tial oil (tea tree oil) (KTEO) were tested.
S. aureus, including MRSA strains, were
detected in ICU, with values ranging from
15% to 57%. Gram negative strains belonging
to the Enterobacteriaceae family were also
found with values ranging from 14% to 71%.
Similar Gram positive and Gram negative
strains were found on all surfaces, but with
low percentage, and only environmental bac-
teria were detected using the settling plates
method. The Microbial Challenge Test
performed on KTEO showed high rates of
decrease for all the pathogens with statistical
significance both at 24 and 48 h (p ¼ 0.003*
and p ¼ 0.040*, respectively). Our results
suggest that the use of KTEOmay be a feasible
strategy for reducing the transmission of
pathogens in health care setting and may
be complementary to surface cleaning
protocols.
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In the last years, multi-drug-resistant bacteria
have risen to be among the most serious threat
worldwide, especially when they are implicated
in a great variety of environments linked to
human’s health (Fernando et al. 2017). The One
Health program of World Health Organization
recognizes that the health of humans, animals
and ecosystems are interconnected, with the cir-
culation of antibiotic resistant bacteria not only in
hospitals, but also in the community (Stefani et al.
2014; Messi et al. 2015). The environment’s role
on the spreading of multidrug resistant bacteria
responsible of health care-associated infections
(HAIs) is a cause of concern, especially for Inten-
sive Care Unit (ICU), where immunocompro-
mised and high susceptible patients are
common, increasing the ICU workload (Giuliani
et al. 2018). Health professionals and work
environments are often implicated, unintention-
ally, in the transmission of pathogens to patients
and the workstation is one of the most important
reservoirs of pathogenic bacteria. A significant
source of nosocomial bacteria transmission is
represented by the computer keyboards, espe-
cially in the ICU, where such devices are usually
handled by many health workers (Giuliani et al.
2018). Therefore, prevention in the form of a
throughout disinfection of the workplace, is the
best option to contain the spread of these nosoco-
mial infections. After the SARS-CoV-2 pan-
demic, disinfection and reduction of microbial
load have become central and common practices
in everyday life (Bures et al. 2000; Melegari et al.
2020). Effectiveness of cleaning and disinfection
practices depends on many factors, including type
of pathogen, its microbial load/organization in
biofilm, sensitivity to biocides, concentration
and time of contact of chemical agent, and last
but not least, staff compliance (Almatroudi et al.
2018; Assere et al. 2008; El-Azizi et al. 2016).
However, these aspects are often not enough to
guarantee hospitalized patients a significant risk
reduction of acquiring an infection. Recently, the
essential oils (EOs), endowed with strong
antibacterial activity, are providing new ways to
reduce bacterial contamination in many fields,
without using chemical products (Sakkas et al.
2016; Iseppi et al. 2019; Valdivieso-Ugarte et al.
2019; Condò et al. 2020; MacGibeny and Wassef
2020). The removal of possible environmental
sources of pathogens becomes even more impor-
tant in all those situations in which, due to work
dynamics, there are both a wide dissemination of
pathogens and weaknesses in the contamination
prevention system. Therefore, all chemical and
physical changes to surfaces capable of reducing
microbial contamination are important prevention
tools (Adlhart et al. 2018).
The aim of the study was to determine the
contamination rate of 4 different keyboard
systems four different keyboard systems, a stan-
dard keyboard (SK), a cleanable keyless key-
board (KK) with smooth surface, a laser
keyboard (LK), and a standard keyboard coated
with a 3 M Tegaderm® film added with active
essential oil (tea tree oil) (KTEO), and to verify
the survival of six healthcare-associated
pathogens artificially inoculated on the least
contaminated device.
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2 Materials and Methods
The research started in September 2018 in the
ICU of an Italian hospital (Ospedale Civile
Sant’Agostino Estense of Modena, Italy), after
Ethical Committee approval (Protocol AUO
0022833/18 of 14/08/2018, Modena, Italy). The
study design provided a preliminary phase with
an accurate cleaning of ICU (see below), without
patients inside. The experiment was divided into
2 parts. The first part was carried out to assess the
bacterial load of keyboards surface, and to com-
pare the contamination rates of each device. The
second part was conducted on the best performing
device emerged with the above study, using a
controlled microbial contamination test (Micro-
bial Challenge Test). In both cases the recovery of
viable bacteria was performed by Contact Plate
method.
2.1 Types of Devices
Three different keyboard systems, daily cleaned
following the hospital’s protocol (see below),
were employed: a standard keyboard (SK), a key-
less keyboard (KK) with smooth surface, and a
standard keyboard, daily coated with a 3 M
Tegaderm® soaked with an active essential oil
(tea tree oil-TTO) (KTEO). The essential oil
(EO) from M. alternifolia (tea tree oil) consists
of more than 100 components and its composition
has been regulated by the International Standard
ISO 4730 (2017): ‘EO of Melaleuca, terpinen-4-
ol type (TTO)’ (International Organization for
Standardization 2017). TTO contains many
sesquiterpenes and monoterpenes, of which
terpinen-4-ol is the main component endowed
with antimicrobial activity (May et al. 2000;
Carson et al. 2006). The compounds in the tea
tree essential oil (TTEO) used in this study were
purchased in a local herbalist’s shop, analyzed
and identified by GC-FID and GC-MS.
Monoterpenes were the most represented class
of volatile compounds, in particular, the most
abundant were terpinen-4-ol (43.29%),
γ-terpinene (20.16%) e α-terpinene (8.89%). The
special antibacterial cover KTEO was prepared
by spraying the TTEO on the 3 M Tegaderm®
surface and after drying the adhesive sterile film
was employed.
2.2 Keyboard Surface Sampling
For the determination of the total microbial count
on dry, sanitized surfaces, Contact Plate method
was used. Sampling was performed with Plate
Count Agar plates (PCA, Biolife, Milan, Italy),
added with Lecithin and Polysorbate 80 for
disinfectants inactivation. After the usual daily
cleaning of ICU, the PCA plates, with a surface
area of 23.76 cm2, were pressed against the key-
board for a few seconds, so that the bacteria
colonizing the surface could be transferred to the
agar surface. The samples were taken in three
different spots of the keyboards for 1 week,
twice every day and at a given time of the day
(at 8:00 am and 8:00 pm). The ICU workstation
was cleaned with hospital’s protocol that states a
daily use of Taski Profi®, ECOLAB Incidin
Oxyfoam® and other products with chlorhexi-
dine. In addition, first thing in the morning, to
have a direct assessment of the number of
microorganisms hovering in the ICU that could
settle on surfaces and objects, PCA settling plates
for passive air sampling were exposed to room air
for 1 h. Moreover, all types of bacteria isolated
from admitted patients were recorded every day
for 5 weeks, in order to define every possible
correspondence and to further stress the possible
role of keyboard as source of transmission. It was
necessary just a single infection present in one
patient to assign the presence of the bacteria in the
ICU. After sampling, contact and settling plates
were returned to the laboratory, incubated at
37 C for 48 h and viable cells counted. All
bacteria strains were identified based on gram
staining, colony morphology and rapid identifica-
tion kits (Liofilchem, Teramo, Italy). To detect
the presence of antibiotic resistant strains, all
Staphylococcus, Enterococcus and Enterobac-
teriaceae isolates were sub-cultured on the selec-
tive media Brilliance MRSA agar, Brilliance
VRE agar (Oxoid LTD, Basingstoke, UK),
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Brilliance CRE (carbapenem-resistant Enterobac-
teriaceae) agar and Brilliance ESBL (extended-
spectrum b-lactamase) agar (Biolife, Milan,
Italy), respectively.
2.3 Microbial Challenge Test
To determine the rate of microbial load reduction
of KTEO, a controlled contamination test (Micro-
bial Challenge Test) was performed, and the kill-
ing effect on the contaminated surface was
determined against six microorganisms com-
monly encountered in health care environments.
Both classified bacteria (ATCC – American Type
Culture Collection) and antibiotic resistant strains
of clinical source were used. Escherichia coli
ATCC 25922, Staphylococcus aureus ATCC
6538, Enterococcus faecalis ATCC 29212 and
extended-spectrum β-lactamase (ESBL)-
producing Escherichia coli, methicillin-resistant
Staphylococcus aureus (MRSA), and
vancomycin-resistant Enterococcus faecalis
(VRE) were grown in Tryptic Soy Broth (TSB,
Difco Laboratories, Detroit, MI), supplemented
with 0.6% yeast extract (TSB-YE) (Difco), and
kept at 30 C for 18 h. The device was accurately
cleaned and left at room temperature for 1 h to
dry. Aliquots (1 mL) of serial dilutions of each
strain cultures were sprinkled on the device sur-
face. Firstly, the KTEO was contaminated once
and the bacterial load was evaluated over time
(48 h) at different intervals, as described above.
In a subsequent study, to simulate the determina-
tion performed in ICU and to verify the activity
for longer, the KTEO was contaminated every
24 h for 3 consecutive times and the bacterial
load was evaluated after 5 and 13 h collecting
the samples in three different spots of the
keyboards.
2.4 Statistical Analysis
The statistical analysis was performed using the
STATA 16® program (STATA Corp LP 4905
Lakeway Drive TX 77845 USA); the sample
size was calculated with historical data of
infections in ICU. The following tests were
conducted: a Shapiro-Wilk test was used to verify
the normal distribution of the continuous data,
Student’s t-tests were used for comparisons of
normally distributed, continuous variables, and
Wilcoxon signed-rank tests were used for not
normally distributed variables. The microbial
load was estimated with nonlinear regression
test also. The associations between variables
were calculated by chi-square tests with Fischer’s
correction applied. Confidence intervals (CIs)
were calculated at 95% and were always
expressed where the results were significant; in
other cases, the data were reported as the
mean  standard error (std). Odds ratios were
expressed as ORs and calculated with Fischer’s
exact test. The comparisons and correlations were
considered significant when the applied test
presented a p value <0.05.
3 Results
3.1 Keyboard Surface Microbial Load
From October to November 2018 data were col-
lected from 3 different devices: SK, KK and
KTEO. As shown in Table 1, different microbial
loads among the tested keyboards have been
observed, but the variance analysis does not
reach the statistical differences. On the other
hand, the KTEO device had a lower microbial
load, with statistical difference compared to the
SK and KK devices.
The microbial load during time is shown in
Fig. 1. For the standard keyboard the maximum
value recorded in 1 week was 145 UFC/cm2 and
the minimum 0 UFC/cm2, with average of 16,88
UFC/cm2; the cleaning keyboard registered a
maximum value of 118.9 UFC/cm2 and the mini-
mum 0 UFC/cm2, with average of 22.9 UFC/cm2;
the KTEO device recorded a maximum value of
36 UFC/cm2 and 0 UFC/cm2, as minimum, with
average of 12.5 UFC/cm2. KTEO device showed
the lower microbial load in 1 week. Figure 2
shows the percentage of pathogens isolated in
ICU and on the device surfaces used in the
study. In the first week, during the determination
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of the SK microbial load, the bacteria detected in
the ICU was 29% MRSA, 14% E. coli, and in the
remaining 57% non-pathogens were detected. At
the same time, only environmental bacteria were
detected in the settling plates, such as Bacillus
firmus, Bacillus megaterium e Brevibacillus
laterosporus, with average of 6.43 of UFC/m3.
Regarding the SK surface contamination,
S. aureus (26%), S. epidermidis (7%), and the
same percentage for S. aureus e/o S. epidermidis
plus other pathogens (7%) were recovered. In the
remaining 38% non-pathogens were found. The
following week, during the observation of the
KK, data collection in the ICU showed the pres-
ence of MRSA (15%), susceptible S. aureus
(57%) and, among gram negative bacteria, Pro-
teus mirabilis (71%) and Serratia marcescens
(14%). In the remaining (14%) non-pathogens
were detected. The environmental settling plates
recorded bacteria without clinical relevance only,
with average of 13 UFC/m3, value similar to the
previous week. Regarding the contamination of
the KK surface, the following bacteria were
isolated: S. aureus (19%), S. epidermidis (7%),
Enterobacteriaceae (5%), S. aureus and
S. epidermidis plus others 33%, and no pathogens
in the remaining 36%. Lastly, during the week in
which KTEO device was employed and valued,
in the ICU the presence of MRSA (29%) and
C. difficile (71%) was shown. The environmental
settling plates recorded only bacteria without clin-
ical significance, with average of 11.71 UFC/m3.
The device KTEO surface presented the lowest
value in pathogens contamination, with S. aureus,
S. epidermidis, Enterobacteriaceae and S. aureus
and/or S. epidermidis detected in low percentage
(12%, 2%, 12%; 5%, respectively), whereas in
the remaining 69% no pathogen was isolated.
Table 1 Microbial load detected on the surface of each keyboard. The KTEO device shows a lower microbial load than








SK 41 16.88 3.79 9.22–24.54 SK vsKK p 0.144
KK 42 22.90 4.04 14.74–31.07 KK vs KTEO
p 0.00*
KTEO 42 12.5 1.99 8.48–16.52 SK vs KTEO
p 0.033*
Variance analysis p value 0.09
Fig. 1 Microbial load
during time of experiments.
For the SK the maximum
value recorded in 1 week
was 145 UFC/cm2 and the
minimum 0 UFC/cm2, with
average of 16.88 UFC/cm2;
the KK registered a
maximum value of 118.9
UFC/cm2 and the minimum
0 UFC/cm2, with average of
22.9 UFC/cm2; the KTEO
device showed the lower
microbial load, with a
maximum value of
36 UFC/cm2 and
0 UFC/cm2 as minimum,
and average of 12.5
UFC/cm2
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All microbial loads were also tested with non-
linear regression, every time the fitting measured
as R2 was lower than 0.5 and p value higher than
0.05. The peak concentration reached was lower
for KTEO than KK and SK. As shown above, the
KTEO device demonstrated the lower presence of
pathogens, measured such a presence of
pathogens at the least in one bacterial plate, with
p value of 0.007. Figure 3 shows the microbial
load of pathogens on device surfaces and corre-
spondence to infections found in ICU. The rela-
tionship between the presence of pathogens in the
ICU and pathogens on the device was lower for
the KTEO device, with p value of 0.004. The
correspondence was measured such as finding of
the same bacterial strain both on the device and in
the ICU. In Fig. 4a–c some examples of bacterial
plate count collected on SK, KK and KTEO
device, respectively. The KTEO device was
again the least contaminated.
3.2 Microbial Challenge Test
Microbiological challenge investigation is useful
in determining the ability of microorganisms to
grow in an artificially contaminated surface. The
study was performed on the KTEO device
Fig. 2 Percentage of pathogens and non-pathogens found in ICU and on devices surface. The KTEO surface presented
the lowest value in pathogens contamination
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Fig. 3 Presence of pathogens on device surfaces and correspondence to infections found in ICU. The KTEO presented
the lowest value in pathogens contamination
Fig. 4 a-c Examples of bacterial growth on PCA plates used for surface microbial sampling on SK (a), KK (b) and
KTEO (c) devices, respectively. The sampling was taken in three different spots of the keyboards at two times of the day
(at 8:00 am and 8:00 pm). The KTEO device was again the least contaminated one
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because it showed the lowest microbial load. As
shown in Tables 2a and 2b, the results proved
high rates of decrease for all the six employed
pathogens, despite the forcing bacterial contami-
nation done every 24–48 h, with statistical signif-
icance both at 24 h (p ¼ 0.003*) and 48 h
(p ¼ 0.040*).
Firstly, the antibacterial activity of KTEO was
determined over time on the contaminated sur-
face, and the viable counts of the tested strains
were assessed up to 48 h. As shown in Table 2a, a
decrease in the viable counts compared to the
control, ranging from 3 log to 4.5 log, was
observed for all the strains at the last determina-
tion (48 h). In particular, E. coli ATCC 25922
showed the greatest decrease, with 4 log reduc-
tion already after 24 h, followed by E. coli ESBL
and, in the subsequent times, by the S. aureus
strains, while both E. faecalis ATCC 29212 and
VRE showed to be the least sensitive strains.
Table 2b shows the results of the study carried
out with daily contaminations for 3 days of the
KTEO, with the samples collected in three differ-
ent spots of the keyboards every 5 and 13 h. At
the last determination of the first day, we
observed a reduction ranging from 1 log to 2.5
log for E. coli ATCC 25922, ESBL-producing
E. coli and S. aureus ATCC 6538, and the
decrease was less evident for the remaining
strains. Furthermore, the reduction in bacterial
load has continued over time with trends similar
to the previous ones.
4 Discussion
The ideal keyboard should be easy to sanitize,
simple to use and not provide a suitable surface
for microbial development. It has been shown that
a flat profile, the presence of an alarm to indicate
the need for cleaning and a surface coating are
important features for maintaining a low micro-
bial count (Wilson et al. 2008). Martin et al.
(2011) have established that the use of a UV
lamp ensures adequate effectiveness in reducing
bacterial contamination; on 67% of the irradiated
keyboards no pathogens were detected in signifi-
cant quantities, much better than the devices used
as a control (Martin et al. 2011). However, the
cost/benefit ratio deriving from the massive use
of this model should be investigated (Boyce et al.
2011; Gostine et al. 2016).
The present investigation confirms the impor-
tant role of contaminated environmental surfaces
Table 2a Bacterial decrease with forced contamination at 48 h
Bacteria load UFC/cm2/h Time 0 12 h 24 h 36 h 48 h p-value
E. coli ATCC 25922 100,000 26 9 9 2 0.040*
E. coli ESBL 100,000 10,000 1000 44 40 0.040*
S. aureus ATCC 6538 1,000,000 100,000 10,000 168 151 0.040*
S. aureus MRSA 1,000,000 100,000 10,000 355 293 0.040*
E. faecalis ATCC 29212 1,000,000 100,000 10,000 1000 1000 0.040*
E. faecalis VRE 1,000,000 100,000 10,000 1000 1000 0.040*
Table 2b Bacterial decrease with forced contamination every 24 h
Bacteria load/time
UFC/cm2/h Time 0 5 h 13 h
Time
0 24 h 29 h 36 h
Time
0 48 h 53 h 60h p-value
E. coli ATCC 25922 161 33 8 100,000 6 0 100,000 42 2 0.003*
E. coli ESBL 326 107 0 100,000 36 20 100,000 92 7 0.003*
S. aureus ATCC
6538
738 542 85 100,000 168 92 100,000 207 121 0.003*
S. aureus MRSA 100,000 10,000 328 100,000 213 109 100,000 1782 223 0.003*
E. faecalis ATCC
29212
100,000 10,000 1000 100,000 10,000 1000 100,000 10,000 1000 0.003*
E. faecalis VRE 100,000 10,000 1000 100,000 10,000 1000 100,000 10,000 1000 0.003*
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in the transmission of healthcare-associated
pathogens, also endowed with antibiotic-
resistance feature, as widely reported. S.aureus
in particular was constantly present in all surfaces
sampled, with frequency of contamination similar
to other published reports (Martin et al. 2011;
Gostine et al. 2016). The research has excluded
any possible role of airborne contamination, mea-
suring the air microbial load we only found
non-pathogenic environmental microorganisms.
In fact, as demonstrated by our study, bacteria
on keyboards are mostly related to strains of
human source transmitted with contact, therefore
related to cross-contamination throughout the
keyboard surface, frequently touched by many
and different healthcare workers.
Several studies have demonstrated the capabil-
ity of some pathogens, like S.aureus, to remain
viable on a variety of dry surfaces up to 14 days.
We have investigated the possibility of using new
methods to reduce the transfer of germs from the
environment and from the staff to the computer
keyboard and vice versa and, consequently, to
hospitalized patients. Due to the high frequency
of contamination caused by the repeated contact
with the hands of hospital staff, keyboards act as a
reservoir of nosocomial pathogens, often resistant
to antibiotics, and could be an effective vector for
cross-transmission (Schultz et al. 2003; Boyce
2007; Boyce et al. 2011; Costa et al. 2019). The
removal of any sources of pathogens becomes
even more important in all those situations in
which, due to working dynamics, there are
weaknesses in the contamination prevention
protocols (Das et al. 2018; Hayden et al. 2018).
In the present study the KTEO device, composed
by a standard keyboard covered with
Tegadaderm® and TTEO on the top, showed a
bacterial colony count reduction of 26% and 45%
compared to SK and KK, respectively. A much
lower contamination of the KTEO by pathogenic
strains, compared to the other two devices was
also observed: the presence of microorganisms
was only 31% with an absolute improving effect
of 30% and relative of 50% (Kang et al. 2012;
Russotto et al. 2015; Hayden et al. 2018). Fur-
thermore, it is important to underline how the use
of the keyboard added with the natural
antibacterial compound (KTEO) has led to a
six-fold reduction in the rate of infections caused
by the same nosocomial pathogens isolated from
the device. The correspondence between the
microorganisms found in the ICU and those
isolated from the samples, indicates that the trans-
fer rate from KTEO was 5% only, with a relative
decreasing of about 5 and more than 11 times
compared to the SK and KK, respectively. The
KK showed the worst result, probably because
the washing method does not guarantee adequate
disinfection, facilitating the spread of
microorganisms on the surface, the proliferation
of which would be favored by the residual humid-
ity. Hand washing and drying has been shown to
reduce the release of bacteria by more than ten
times; according to this principle, a keyboard
surface that remained wet after cleaning could
be the worst reservoir of pathogenic
microorganisms (Suetens et al. 2018). With
regard to the disinfection practices, the continu-
ous exposure to antimicrobial agents, found in
sublethal dose in soaps and hand disinfectants,
promotes the development of new resistance in
the main pathogens responsible for healthcare
acquired infections, with a substantial increase
in the microbial load of pathogens after only an
overnight exposure. For these reasons, the diffu-
sion and optimization of antiseptic rotation
programs play a fundamental role in order to
derive a concrete benefit in terms of health
(Duckworth and Jordens 1990; Ataee et al.
2017; Nasr et al. 2018), hence the need to explore
innovative sanitizing procedures and antibacterial
materials to tackle this problem more effectively
(Kampf 2016). To this direction, a safe and
environmentally friendly alternative may be the
use of natural compound as EOs, that have
already been successfully evaluated as
antibacterial agents. The synergism between
antibiotics and phytochemicals and the capability
in modulating bacterial drug resistance was also
recently reported, thus corroborating the antimi-
crobial potentiality of these natural compounds.
TTO in particular, extracted from Melaleuca
alternifolia has attracted the attention of the sci-
entific community due to its unique chemical
properties and broad-spectrum of activity against
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many human pathogens (Russell 2002). Further-
more, Garozzo et al., demonstrated a potential
role of TTO in reducing viral load against influ-
enza virus, this aspect should be investigated in
the future, to limit a viral outbreak, as happened
during the pandemic event of 2020 (Garozzo et al.
2011; Yap et al. 2014). The employment of EOs
could be a valuable resource in the SARS-CoV-
2 pandemic also. A recent study suggests the use
of essential oil from Melaleuca cajuputi, a plant
of the same genus of Melaleuca alternifolia
(TTO), in preventing SARS-CoV-2 invasion
into human body infections and limiting the
spread of the virus (My et al. 2020).
5 Conclusion
In the era of multidrug resistant bacteria, it
became mandatory to preserve life-saving
antibiotics, especially in wards with critical and
vulnerable patients, in which even less aggressive
bacteria can be a danger to health. The workplace
is just one of many foci that can be a vehicle for
microbial contamination. The correct use of the
phonendoscope, often subjected to an inadequate
disinfection, is an example of how many simple
precautions should be put in place to limit the
spread of pathogenic strains, sometimes even
multiresistant. Our results suggest that the
KTEO device, composed by a standard keyboard
covered with Tegadaderm® and TTEO on the top
may be a feasible strategy for reducing the trans-
mission of pathogens in health care settings. The
regular use of this antibacterial cover may be
complementary to surface cleaning protocols,
thus improving the protection against bacterial
transmission when compliance with surface
cleaning protocols is not sufficient for the
problem.
Further studies will be necessary to better
define the role of keyboard and other surfaces
handled by more workers in the diffusion of
pathogens, with the objective to improve the
level of protection against bacterial responsible
for HAIs, in particular in the ICU, where
immunocompromised and high susceptible
patients are commonly present.
6 Strength and Limitations
of the Research
The study was not blind and to exclude any type
of error such as a possible different use of the
device, a laboratory check was planned at the end
of the research, with forced contamination. It is
important to note that at the beginning of the
research the device with a lower rate of bacterial
load was not known. The staff who collected the
plates were different from those who analyzed the
bacterial load.
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